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Abstract Diabetes mellitus (DM) is a disease that affects a
large number of people, and the number of problems
associated with the disease has been increasing in the past
few decades. These problems include cardiovascular dis-
orders, blindness and the eventual need to amputate limbs.
Therefore, the quality of life for people living with DM is
less than it is for healthy people. In several cases, metabolic
syndrome (MS), which can be considered a disturbance of
the lipid metabolism, is associated with DM. In this work,
two drugs used to treat DM, pioglitazone and rosiglitazone,
were studied using theoretical methods, and their molecular
properties were related to the biological activity of these
drugs. From the results, it was possible to correlate the
properties of each substance – particularly electronic
properties – with the biological interactions that are linked
to their pharmacological effects. These results suggest that
there are future prospects for designing or developing new
drugs based on the correlation between theoretical and
experimental properties.
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Introduction

Diabetes mellitus (DM) is a disease characterized as a
chronic disorder affecting the metabolism of carbohydrates,
lipids and proteins. Another feature of the disease is
hyperglycemia due to the inappropriate use of glucose by
the body. There are two variants of DM, type 1 and type 2.
Specifically, type 2 diabetes occurs in adults and is defined
by a disability of the pancreas related to the secretion of
insulin and by peripheral insulin resistance [1–4]. The
presence of DM symptoms results in high rates of mor-
bidity and mortality, with significant losses in quality of
life. DM is a cause of renal failure, lower limb amputation,
blindness and cardiovascular disease [5, 6].

The family of nuclear receptors called peroxisome
proliferator activated receptors (PPARs) is linked to the
regulation of various metabolic processes, such as catabo-
lism of lipids and metabolism of carbohydrates. Currently,
three main subtypes of this nuclear receptor are known:
PPARγ, PPARδ and PPARα. Therefore, substances that
activate these receptors can be employed as drugs in DM
treatment [7]. There are several drug treatments for
diabetes, and among them are the glitazones, a drug class
that activates the isoform PPARγ. The activation of these
receptors stimulates the transcription of genes responsible
for reducing insulin resistance, as well as genes responsible
for hepatic glyconeogenesis. However, these drugs are not
indicated for patients with any hepatic dysfunction because
of their toxicity in the body [8].

Due to all of the aspects described above, there is a need
for more effective treatments for DM. New drugs for the
treatment of type 2 DM may arise from research and
discoveries related to the PPARs as biological targets [9].
Therefore, the main objective of this study is to evaluate the
behavior of two substances employed as drugs to treat DM
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using methods that characterize the molecular and electron-
ic structure of these substances, providing information on
possible mechanisms of interaction with the biological
receptor under study.

Methodology

The substances studied in this work were rosiglitazone and
pioglitazone, which are currently marketed for the treatment
of DM [10, 11]. The molecular structures of these substances,
along with their biological properties (EC50, i.e., the
concentration of the compound that produces 50% of the
possible maximum biological response) are shown in Fig. 1.

Geometry optimization and the calculation of electronic
properties (total energy, energy of the frontier orbitals and
dipole moment) were performed using density functional
theory (DFT) [12–14]. We used the functional B3LYP [15–
17] and DGDZVP basis sets as implemented in the
computational package Gaussian03 [18]. The absence of
imaginary frequencies was used as a criterion to ensure that
the optimized structures represented the minimum in the
potential energy surface.

The two substances studied here are employed as drugs
to treat DM, because they activate PPARs. A strategy to
handle such complex systems involves the use of dielectric
continuum models to simulate the protein environment and/
or the solvent [19–21]. It is very difficult to define properly
the internal dielectric constant of the protein [20], so we
have performed calculations in two organic solvents: ether
and acetone. Table 1 shows the values of the dielectric
constants for the solvents used in this work. We have
compared these results to gas-phase and aqueous solution
calculations. Solvation was simulated using the integral
equation formalism of the polarizable continuum model
(IEF-PCM) [22–24], which has been employed successfully
to study many different systems, such as dyes [25, 26] and
drugs [27–29].

Stereochemical properties (area and volume) and the
partition coefficient (log P) for each geometry obtained
were calculated using the module “QSAR”, implemented in
the HyperChem computational package.

Results and discussion

In order to analyze the effects of solvent on the structures,
we have decided to compare all optimized geometries of
each molecule and Fig. 2 displays the superposition of these
structures. As can be seen in Fig. 2, there are no significant
variations in the molecular conformations of the molecules
based on different surroundings.

After the optimization study, the molecular and electron-
ic properties were calculated and the values obtained are
presented in Table 2.

From Table 2, it is evident that the total energy (ET)
diminishes as the dielectric constant increases; thus, polar
solvents stabilize the studied glitazones. Frontier orbital
energies (EHOMO and ELUMO) indicate the electron-donating
and/or electron-accepting characteristics of the substances.
Moreover, EHOMO and ELUMO values can indicate the
formation of a charge transfer complex (CTC) between the
compound and the biological receptor [31]. As presented in
Table 2, these energies and the HOMO-LUMO gap are not
significantly affected by solvation. Both glitazones present
the same value for ELUMO, but the EHOMO values are quite
different: the EHOMO of rosiglitazone is greater than that of
pioglitazone, indicating that rosiglitazone has more electron-
donor character than does pioglitazone. As rosiglitazone is
the most potent compound (EC50=31 nM), the mechanism
of interaction between rosiglitazone and the biological
receptor is based on electron transfer from drug to protein,
i.e., rosiglitazone would be the electron-donor species due to
its EHOMO value.

For the glitazones studied in this work, it was found that
a lower HOMO-LUMO gap corresponded to a more potent
drug. This fact indicates that a smaller gap between the last
occupied orbital and the first virtual orbital can promote an
intramolecular electron transfer, allowing important inter-
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(EC50 = 31 nM) 

Pioglitazone 

(EC50 = 1200 nM) 

Fig. 1 Molecular structures of
the studied compounds

Table 1 Dielectric constants of the solvents employed in this work

Solvent Water Acetone Ether

Dielectric constant (ε) 78.39 20.7 4.335
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actions between the drug and its respective biological
receptor.

From the dipole moment values (μ) presented in Table 2,
we can see that rosiglitazone is more polar than pioglita-
zone. For both molecules studied, the dipole moment is
significantly different in the gas phase than it is in solution.
Figure 3 presents the dipole moment vectors for all
structures obtained. As the polarity of the solvent dimin-
ishes, the dipole vector becomes more parallel to the
structures. This can indicate that the electronic structure of
the molecules studied can be rearranged depending on the
polarity of the environment, facilitating the entrance of the
drug into the active site. The large value of the dipole
moment for rosiglitazone indicates that the polarity in
different regions of the molecule favors hydrophilic

interactions, increasing its affinity for specific residues in
the active site. In fact, Pochetti et al. [32] demonstrated that
the mechanism of interaction between the isoform PPARγ
and a partial agonist, GW2331, is determined by important
hydrogen bonds between the agonist and the following
residues of the active site: histidine 323, histidine 449,
serine 289 and tyrosine 473.

Analyzing the stereochemical properties displayed in
Table 2, rosiglitazone has an average area equal to 535.34
A2, and its average volume is 1019.76 A3. For pioglitazone,
the average area is equal to 532.43 A2, and the average
volume is 1035.98 A3. The values of the properties cited
above for the two molecules studied are very close, and it is
possible to note that the values of volume (V) are inversely
proportional to the biological activity, i.e., the most potent

(a) rosiglitazone (b) pioglitazone 

Fig. 2 Superposition of the optimized geometries of each molecule studied in the gas phase, water, acetone and ether

Properties Gas-phase Ether (ε=4.335) Acetone (ε=20.7) Water (ε=78.39)

EC50=31 nMa [30] Rosiglitazone

ET (a.u.) −1485.5854 −1485.6077 −1485.6181 −1485.6213
EHOMO (a.u.) −0.212 −0.210 −0.210 −0.210
ELUMO (a.u.) −0.048 −0.048 −0.048 −0.048
Gapb (a.u.) 0.164 0.162 0.162 0.162

μ (D) 5.285 5.957 6.284 6.491

A (Å2) 536.58 535.56 534.41 534.82

V (Å3) 1017.28 1019.84 1020.89 1021.03

log P 3.60 3.42 3.42 2.48

EC50=1200 nMa [30] Pioglitazone

ET (a.u.) −1469.5517 −1469.5736 −1469.5838 −1469.5871
EHOMO (a.u.) −0.226 −0.224 −0.224 −0.225
ELUMO (a.u.) −0.048 −0.048 −0.048 −0.048
Gapb (a.u.) 0.178 0.176 0.177 0.178

μ (D) 3.702 4.144 4.330 4.399

A (Å2) 533.41 532.31 531.58 532.42

V (Å3) 1034.34 1035.91 1036.56 1037.11

log P 3.86 3.86 3.86 3.27

Table 2 Calculated properties
for rosiglitazone and
pioglitazone

a EC50=Concentration of the
compound that produces 50%
of the possible maximum
biological response.
b Gap=EHOMO - ELUMO
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compound (rosiglitazone, EC50=31 nM) has the smallest
volume. This spatial property could indicate that more bulky
molecules are not able to reach the active site of the protein.

Another important property for understanding the main
interactions between a drug and its biological receptor is
lipophilicity, which is normally evaluated by means of the
logarithm of the partition coefficient (log P). As indicated
in Table 2, log P values remain constant for structures
obtained in gas-phase and organic solvents, but the
structures obtained in aqueous solution have smaller values
of log P. Comparing pioglitazone and rosiglitazone, the log
P value of pioglitazone is slightly higher. Therefore, the

greater hydrophobic character of pioglitazone reveals that
some hydrophobic interactions in the active site can reduce
the agonist behavior of the drug.

We also obtained a plot of the frontier molecular orbitals
(HOMO and LUMO) in order to analyze the main atomic
contributions for these orbitals. The importance of observ-
ing these plots was to determine which atoms were located
at the possible sites of electronic transfer between the
molecule under study and its biological target. Figure 4
shows the HOMO and LUMO plots of both substances
studied considering only one solvent, as they are essentially
identical for all the conformations obtained.

Rosiglitazone 

water acetone ether gas phase 

Pioglitazone 

water acetone ether gas phase 

Fig. 3 Dipole moment vectors for each structure obtained

HOMO

Pioglitazone Pioglitazone 

Rosiglitazone Rosiglitazone 

LUMO
Fig. 4 HOMO and LUMO
plots of each studied
compound
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From Table 2 and Fig. 4 it is possible to see that the
LUMOs (energy and atomic contributions) of both mole-
cules are very similar. However, as we have pointed out
before, EHOMO is very well correlated with the drug
potency, as well as the atomic contributions for this orbital
(i.e., the HOMO contributions of pioglitazone are located at
the central chain of the molecule, while the HOMO of
rosiglitazone is located at the benzene ring). Therefore, due
to the main differences in the atomic contributions for the
HOMO and its respective energy, it is possible to say that
electronic interactions (electron donor characteristics of
molecules) between the substances analyzed and the
aminoacid residues in the active site of the protein target
are detrimental to the biological activity. In fact, as we have
pointed out previously, the main interactions between a
partial agonist and the isoform PPARγ are hydrophilic in
character, i.e., there are important hydrogen bonds between
the agonist and the following residues in the active site:
histidine 323, histidine 449, serine 289 and tyrosine 473
[32]. From the molecular structures of rosiglitazone and
pioglitazone, it is possible to see that rosiglitazone has one
more tertiary nitrogen atom, suggesting that an extra
hydrogen bonding between the rosiglitazone and the polar
amino residues in the ligand binding domain of PPARs [32]
plays a critical role in the approximate 40 times higher
EC50 value of rosiglitazone. From our outcomes, this fact
can be related to higher EHOMO and dipole moment values
(energetic parameters) presented by the most potent
compound (rosiglitazone), as it is also explored in other
studies [33–35].

Conclusions

From this work, we can note that the variation of environment
(solvent effects) does not influence the conformation and the
molecular properties of the drugs studied. However, solvent
effects seem to be important in evaluating the drug-protein
electrostatic interactions, as evidenced by the variation of the
dipole moment with the solvent used. Comparing the average
values for the properties calculated by theoretical methods, it is
possible to see that several molecular and electronic properties
correlated well with the biological activity presented experi-
mentally by two drugs marketed for the treatment of DM. From
the values of EHOMO and the main differences observed from
the HOMO plots for both molecules, a mechanism of
interaction between rosiglitazone (the most potent substance)
and the biological receptor can be based on electron transfer
from drug to protein – i.e., rosiglitazone would be the
electron-donor species due to its EHOMO value. Another
important observation is the polarity in different regions of the
molecule, which favors hydrophilic interactions and increases
the drug affinity for specific residues in the active site.

Analyzing the stereochemical properties calculated, we can
see that the most potent compound (rosiglitazone, EC50=
31 nM) has the smallest volume, indicating that the most
bulky molecules are not able to reach the active site of the
protein. Therefore, these properties can help to understand the
main features responsible for the interaction between a
bioactive substance and its biological receptor and help in
the design of new drugs for DM.

Acknowledgments We gratefully acknowledge the financial support
from FAPESP (The State of São Paulo Research Foundation), CNPq
(The National Council for Scientific and Technological Development)
and CAPES (Coordination for the Improvement of High Education
Personnel), Brazil.

References

1. Rang HP, Dale MM, Ritter JM, Moore PK (2007) Pharmacology,
6th edn. Churchill Livingstone, Philadelphia

2. Gale EA (2001) Lancet 357:1870–1875
3. Skyler JS (2004) J Med Chem 47:4113–4117
4. Azevedo AP, Papelbaum M, Delia F (2002) Rev Bras Psiquiatr

24:77–80
5. Bailey CJ (2009) Curr Diabetes Rep 5:360–367
6. Ross SA, Gulve EA, Wang M (2004) Chem Rev 104:1255–1282
7. Berger J, Moller DE (2002) Annu Rev Med 53:409–435
8. Parra S, Mejia LC (2001) Iatreia 14:35–46
9. Miller AR (2006) Drug Dev Res 67:574–578

10. Wickens P, Zhang CZ, Ma X, Zhao Q, Amatruda J, Bullock W,
Burns M, Cantin LD, Chuang CY, Claus T, Dai M, Dela Cruz F,
Dickson D, Ehrgott FJ, Fan DP, Heald S, Hentemann M, Iwuagwu
CI, Johnson JS, Kumarasinghe E, Ladner D, Lavoie R, Liang S,
Livingston JN, Lowe D, Magnuson S, Mannelly G, Mugge I,
Ogutu H, Pleasic-Williams S, Schoenleber RW, Shapiro J,
Shelekhin T, Sweet L, Town C, Tsutsumi M (2007) Bioorg Med
Chem Lett 17:4369–4373

11. Jones BA (2001) Med Res Rev 21:540–552
12. Hohenberg P, Kohn W (1964) Phys Rev 136:B864–B871
13. Kohn W, Sham LJ (1965) Phys Rev 140:A1133–A1138
14. Parr RG, Yang W (1989) Density-functional theory of atoms and

molecules. Oxford University Press, Oxford
15. Lee C, Yang W, Parr RG (1988) Phys Rev B 37:785–789
16. Miehlich B, Savin A, Stoll H, Preuss H (1989) Chem Phys Lett

157:200–206
17. Becke AD (1993) J Chem Phys 98:5648–5652
18. Frisch MJ et al. (2003) Gaussian03, revision B.04. Gaussian Inc,

Pittsburg PA
19. Li J, Fisher CL, Konecny R, Bashford D, Noodleman L (1999)

Inorg Chem 38:929–939
20. Li J, Nelson MR, Peng CY, Bashford D, Noodleman L (1998) J

Phys Chem A 102:6311–6324
21. Chen JL, Noodleman L, Case DA, Bashford D (1994) J Phys

Chem 98:11059–11068
22. Cancès E, Mennucci B, Tomasi J (1997) J Chem Phys 107:

3032–3041
23. Mennucci B, Cancès E, Tomasi J (1997) J Phys Chem B

101:10506–10517
24. Cancès E, Mennucci B (1998) J Math Chem 23:309–326
25. Homem-de-Mello P, Mennucci B, Tomasi J, Da Silva ABF (2007)

Theor Chim Acta 118:305–314

J Mol Model (2010) 16:799–804 803



26. Homem-de-Mello P, Mennucci B, Tomasi J, Da Silva ABF (2005)
Theor Chim Acta 113:274–280

27. Toledo RA, Santos MC, Suffredini HB, Homem-de-Mello P,
Honorio KM, Mazo LH (2009) J Mol Model 15:945–952

28. Zimmermann T, Chval Z, Burda JV (2009) J Phys Chem B
113:3139–3150

29. Jena NR, Mishra PC (2007) J Mol Model 13:267–274
30. Fujimura T, Sakuma H, Ohkubo-Suzuki A, Aramori I, Mutoh S

(2006) Biol Pharm Bull 29:423–429

31. Honorio KM, Da Silva ABF (2003) Int J Quantum Chem 95:126–
132

32. Pochetti G, Godio C, Mitro N, Caruso D, Galmozzi A, Scurati S,
Loiodice F, Fracchiolla G, Tortorella P, Laghezza A, Lavecchia A,
Novellino E, Mazza F, Crestani M (2007) JBC 282:17314–17324

33. Wu Y, Zhao Y (2001) J Am Chem Soc 123:5313–5319
34. Patel S, Brooks CL (2004) J Comput Chem 25:1–15
35. Yan XF, Shu YJ, Wang LJ, Xiao HM (2007) Acta Chim Sinica

65:1789–1796

804 J Mol Model (2010) 16:799–804


	Theoretical study on the molecular and electronic properties of some substances used for diabetes mellitus treatment
	Abstract
	Introduction
	Methodology
	Results and discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


